Geldanamycin induces heat shock proteins in brain and protects against focal cerebral ischemia.
Geldanamycin (GA), a benzoquinone ansamycin, binds Hsp90 in vitro, releases heat shock factor (HSF1) and induces heat shock proteins (Hsps). Because viral and transgenic overexpression of Hsps protects cells against ischemia in vitro, we hypothesized that GA would protect brain from focal ischemia by inducing Hsps in vivo. Adult male Sprague-Dawley rats were subjected to 2-hour middle cerebral artery occlusions (MCAO) using the suture technique followed by 22-h reperfusions. GA or vehicle was injected into the lateral cerebral ventricles (i.c.v) 24 h before ischemia. Geldanamycin at 1 microg/kg decreased infarct volumes by 55.7% (p < 0.01) and TUNEL-positive cells by 30% in cerebral cortex. GA also improved behavioral outcomes (p < 0.01) and reduced brain edema (p < 0.05). Western blots showed that the 1 microg/kg GA dose induced Hsp70 and Hsp25 protein 8.2-fold and 2.7-fold, respectively, by 48 h following administration. Immunocytochemistry showed that GA induced Hsp70 in neurons and Hsp25 in glia and arteries in cortex, hippocampus, hypothalamus, and other brain regions. GA reduced co-immunoprecipitation of HSF1 with Hsp90 in brain tissue homogenates, promoted HSE-binding of HSF in brain nuclear extracts using gel shift assays, and increased luciferase reporter gene transcription for the Hsp70 promoter in PC12 cells. The data show that geldanamycin protects brain from focal ischemia and that this may be due, at least in part, to geldanamycin stimulation of heat shock gene transcription.